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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

NORMAL-FORCE AND HINGE-MOMENT CHARACTERISTICS AT
TRANSONIC SPEEDS OF FIAP-TYPE ATLERONS AT THREE SPANWISE
LOCATIONS ON A L4-PERCENT-THICK SWEPTBACK-WING—BODY MODEL
AND PRESSURE-DISTRIBUTION MEASUREMENTS
ON AN INBOARD AILERON

By Jack F. Runckel and Gerald Hieser
SUMMARY

An investigation has been conducted at the Langley 16-foot tran-
sonic tunnel to determine the loading characteristics of flap-type
allerons located at inboard, midspan, and outboard positions on a 45°
sweptback-wing~—body combination. Aileron normsl-force and hinge-
moment date have been obteined at Mach numbers from 0.80 to 1.03, with
angles of attack up to about 27°, end st alleron deflections between
approximately +15°,

Results of the investigation indicate that the losding over the
ailerons was esteblished by the wing-flow characteristics, and the
loading shapes were irregular in the transonic speed range. The span-~
wise location of the aileron had little effect on the values of the
slope of the curves of hinge-moment coefficient against alleron deflec-
tion, but the inboard aileron had the greatest value of the slope of
the curves of hinge-moment coefficient against angle of attack and the
outboard aileron hsed the least. Hinge-moment snd aileron normal-force
data teken with strain-gege instrumentation are compared with data
obtained with pressure measurements.

TINTRODUCTION

Because of +the mixture of subsonic and supersonic flow encountered
in the transonic speed range, the prediction of loads on airplane compo-
nents by theoretical means is difficult. As a result, experimental
reseasrch is needed to supply losding information. Almost all previous
experimental investigations st transonic speeds have been conducted by
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utilizing small scale models, with which detalled losds information can~ "
not be obtained. A considerable smount of overall loading informetion
on allerons at transonic speeds, however, has been obtalned on smell
scale ?odels by the transonic-bump technique. (See, for example, refsg.l
and 2.

X

As & part of & study in the Langley 16-foot transonic tunnel to
obtain informetion on transonic loads by utilizing larger scale models,
the present investigatlon includes overall loads and load-distribution
studies on ailerons installed on a 45° sweptback-wing model. Overall
loads were obtained on an inbosrd, a midspan, and an outboard aileron
with strain-gage instrumentation; whereas, load distributions on the
inboard alleron were obtalned from pressure measurements, and results
from these two test technigues are compared. The loading characteristics
of an outboard aileron on an unswept-wing model, which was salso a part
of the sileron-loads study, are reported in reference 3.

The sting-supported model used for the present investigation has
a 45° sweptback wing with an aspect ratio of 3, a taper ratio of 0.2,
and NACA 65A004 airfoil sections in the streamwise direction. The . -
inboard, midspan, end outboard unbalanced ailerons each have a span of
about 40 percent of the wing semispan and g chord of 30 percent of the
local wing chord. The longltudinal stabllity characteristics of this
model without allerons are presented in reference 4, the lateral effec-
tiveness characteristlcs of the allerons are given in reference 5, and
the loading on the wing end body are shown in reference 6. Some data
on aileron loads obtained on the present wing-body combination are pre-
sented in reference T.

x1

Data have been obtained at Mach numbers from 0.80 to 1.03, at angles
of attack up to about 27°, and at aileron deflections between epproxi-

metely *15°, The test Reynolds number was about 7.0 X 106.

SYMBOLS

b glleron span

c wlng local chord - e
wing mean aerodynamic chord

Cq alleron chord at any spanwilise station

c alleron average chord ' S




NACA RM 1L5T7I23 3
Ch.a gileron hinge-moment coefficient,
? Hinge moment sbout hinge line
2gM*
n,a aileron section normel-force coefficient,
l.o
- a (X
fo (%2 - %,u) ¢ (&)
CN a alleron normsl-force coefficient,
? Aileron normsl force
qSg,
3

T
By " \3 /s
6, = a_ch)
By 0% /q
M free-stream Mach number
M! area moment of aileron sbout aileron hinge axis

P -Pp
Cp pressure coefficient, .JEZE%%____
D free-stream static pressure
q - free-stream dynamic pressure
Sa alleron ares
p o chordwise distance from aileron hinge line
Xop distance from aileron hinge line to aileron center of

pressure measured in eileron chord plene and parellel to
model plane of symmetry (positive to rear of hinge line)

Y lateral distance from inboerd edge of alleron

Yep lateral distance to aileron center of pressure measured
from inboard edge of aileron (positive outboard)

o angle of attack of model (body reference line)
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5] ailleron deflection angle relative to wing-=chord plane, meas-
ured in plane perpendicular to aileron hinge axis (consid-
ered positive when trailing edge is down on either wing)

&, nominal aileron deflection (not corrected for déflection
due to load)
A sweep angle
Subscripts: N
1 aileron lower surface T
u ailleron upper surface i}

Subscrlpts outside the parentheses denote parametérs meintained
constant.

MODEL AND APPARATUS

Model and Instrumentation -

The wing had a 45° sweep of the quarter-chord line and wes mounted
in a midwing position on the body at zero incidence. The wing airfoil
sections (strearwise) were NACA 65A004, and the wing was designed with
no geometric twist or dilhedral. The fuselage was & cylindrical body of
revolution with an ogival nose and a slightly boattailed afterbody.
Pertinent dimensions and geometric details of the model are given in
figure 1, and photographs of the model are shown as figure 2. Coordi-
nates of the wing are given in reference 4, and the fuselage ordinates
are given in reference 6.

The unbalanced trailihg-edge ailerons were composed of four segments
and were deflected in adjacent pairs to simulaete Inboard, midspan, and
outboard allerons. Tongues were mounted between the ailerons and the
wing at the hinge line in order to permit verious alleron deflection
angles. These tongues were bent in order to obtain nominasl deflections
of 0°, +7.59, and #15°, measured perpendicular to the hinge line. On
the right wing the tongue for each segment covered most of the span in
the gap between the wing and the aileron at the hinge line. The right
inboard ailleron was instrumented with four chordwise rows of static-
pressure orifices arranged as shown in a table glven in figure 3(a).

On the left wing two separate tongues, 0.86 inch wide spanwise,
were utilized to attach each of the four segments. A gep of about
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0.4 percent of the wing chord, therefore, existed over Tl percent of
the aileron span. Strain-gage balances were mounted on each of the
tongues to measure the ailleron normal forces and hinge moments

(fig. 3(b)).

Tunnel end Model Support

The tests were conducted in the ILangley 16~foot transonic tunnel,
which 18 an atmospheric wind tunnel with an octagonal, slotted test
section permitting a continuous variation in speed to Mach numbers
slightly above 1.0. The sting-support system 1s arranged so that the
model 1s located near the center of the tunnel at all angles of attack.

TESTS

Measurements of aileron hinge moments and normal forces by use of
strain-gage belances on the left wing were obtained at the conditions
given in table I.

Pressures were measured on the right-wing inbosrd alleron st noml-
nal deflection angles, &,, of O°, i7.5°, and il5°. The angle of attack

was varied from about 0° to about 21° at Mach numbers of 0.80, 0.90,
0.9%, 0.98, and 1.03.

The Reynolds number, based on wing mean aerodynamic chord, varied
from about 6.7 X lO6 to 7.7 X 106.

ACCURACY

The measurement of Mach number in the test region is believed to
be accurate within *0.005, and the angles of attack presented are
estimated to be correct within +0.1°.

The deflection angles of the alleron were determined from the nomi-
nal deflection and the deflection due to load. This deflection due to

load was obtained from a static loading calibration. The values of B
presented are believed to be correct within +0.25°.

NIy
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Effects of wing flexibility on the stain-gage measurements were
accounted for by static loading calibrations of the wing. Elastic prop-
erties of the wing with no allerons obtained from static loadings are
given in reference 6.

RESULTS

Most of the results are presented for three representative Mach
numbers only (M = 0.80, M = 0.9%, and M = 1.03). The loading charac-
teristics of the alleron are illustrated in the following figures:

Figures

Inboard-aileron chordwise pressure distributions . . . . . . 4 to 6
Spanwise loading over inboard ailleron . . . ¢« « « + « ¢ . .

Comparisons of pressure and force measurements e e e s+ 4 8 and 9
Aileron hinge-moment characteristics + + s & s o s s e o &« 10 @and 12
Aileron normal-force characteristics e e o & e s s« « « o 11 8nd 13
Effect of Mach number on hinge-moment parameters . . . . . . 1h
Aileron center-of-pressure locations e e e e e e e e e e . 15 t0 18

DISCUSSION

Pressure-Distribution Measurements

Chordwise pressure-distribution measurements obtained over the
right inboard aileron are presented in figures 4, 5, and 6 for Mach num-
bers of 0.80, 0.9%, and 1.03, respectively. Chordwise plots are shown
for four spanwise posltions on the aileron_at nominal deflections of
+15°, +7.5°, and 0°, and at angles of attack from 0° to 20° in incre-
ments of 4°, :

The pressure distributions for subsonic speeds (fig. 4) show that
with the control undeflected, the alleron chordwise loading was gener-
ally trisngular in shape up to angles of attack of about 120, but at
angles of attack larger then this value the outboard sections started
to stall, as was also noted with the loading on the wing in reference 6.
With increasing positive or negative control deflection at moderate
angles of attack, the loaeding tended to assume & more inward curved tri-
angular shape with pesk suctlon pressures occurring at the hinge line.
Avove a = 12°, the loading shape became irregular and upper-surface
separstion occurred at sbout o = 20°.
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At & Mach number of 0.94, there was considerable variation in the
loading shapes with spanwlise position at all control deflections and at
most angles of attack (fig. 5). At M = 0.94% +the high suction peaks at
the hinge line generally decreased from the values observed at a Mech
number of 0.80. The section where y/ba = 0.978 shows the effect of the

flow-field shock (ref. 6) on the loading at positive aileron deflections
(for example, see fig. 5(b)).

The load shapes at M = 1.03 (fig. 6) generally resembled those at
M = 0.94 %but usually showed both increased loading near the trailing
edge at the lower angles of attack and less tendency for upper-surface
separatlion at the highest angles of attack. The predominent character-
istic of the loading for this eileron at transonic speeds was the
irregular shapes which are not amenable to prediction methods in this
speed range (ref. 8).

The varietion of loading parameter over the spen of the inboard
aileron is presented in figure T for three Mach numbers at increments
of about 4° in angle of attack. Data are shown for the five deflection
angles investigated. The loading shape changed in the spanwise direc-
tion beceause of end effects at the outboard edge and of the interference
of the body at the inboard section. This chenge was most apparent at
5 = -150 at the highest angles of attack, where the aileron load
approached zero at the inboard station. Generally, changes in angle of
attack had a larger effect on the shape of the spanwlse loading curves
than d4id changee in Mach number. At Mach numbers of 0.80 and 0.94% the
aileron spanwise loading shapes were generslly simllar up to an angle
of attack of 20°; however, above an angle of attack of 12° a disturbance
originating on the wing at the Juncture of the wing leading edge and the
fuselage (ref. 6) passed over the outer portion of the aileron and
altered the spanwise loading shape over the control. This disturbance
caused the loading parameter at the station where y/ba = 0.543 +to

become more positive at the higher engles of attack. At a Mach number
of 1.03 this positive load-perameter increase at the station where

y/ba = 0.543 was delayed to the highest angles of attack.

Comperison of Pressure end Force Data

Typical comparisons of the hinge-moment and normel-force coeffi-
cients of the inboard aileron, obtained from strain-gage-balance meas-
urements on the left wing and integrated pressure measurements on the
right wing, are given in figures 8 and 9. Deviations in both the hinge-
moment and normal-force results obtalned from the two techniques gener-
ally occur at the same conditions. Some differences in deflection angles
exist between the left- and right-wing ailerons because of different

VIREPE T,
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stiffnesses of the wing attachment tongues. Despite these differenceé;
the agreement of the two types of measurements is good.

The hinge-moment data of figure 8 and the normal-force data of fig- _
ure 9 both show regular variations with angle of attack in the range T
between a=0° and o = 8°. 1In the reglon between . a = 8° and .
= 12° , slope discontinuities occurred which were greatest at a Mach -
number of 0.9%4 and were probably caused by the shock originating at the '
wing-leading~-edge—fuselage Juncture sweeping back over the outboard .
region of the aileron (ref. 6). This effect can be séen in flgure 5(d)
where the load at the outboard station has been reduced from that at
a = 8° (fig. 5(c)) and in the spanwise loading distributions of fig-
ure 7(b). At angles of attack larger than 12° the sweep angle of the _ :
juncture shock changed very little, and the effect of the shock was felt
over about the same area of the aileron but was obscured by the wing
separation which had progressively crept inboard on the wing. The slopes
of the hinge-moment and normasl-force curves are, therefore, agein gener-
ally regular at all Mach numbers up to the highest angles of attack. -

Strain-Gage Measurements

The basic hinge-moment data such &s shown in figure 8 have been
cross-plotted in order to obtain values of the hinge-moment character-
isties of the allerons at constant values of angle of attack as shown
in figure 10. Generally, the variation of hinge-moment coefficient .
with alleron-deflection angle became more nonlinear as the angle of ..k
attack was increased. At the higher angles of attack, however, the <
hinge-moment variation with deflection for the inboard and midspan
ailerons became more nearly linear as the Mach number was increased
because of the flow becoming supersonic over greater. portions of the
aileron.

The outboard alleron was subjected to the first occurrences of
wing-tip stall and the sweeping back of the Jjuncture shock from the
leading edge of the wing; therefore, this control showed the nonlin-
earities due to model attitude at -lower angles of attack than did the
more inboard controls. At an angle of attack of about 8°, the slope of
the hinge-moment curve for the outboard alleron reversed at positive
deflections. A similar reversal of hinge-moment slope was also observed
with the swept-wing ailleron of reference 2 at Mach numbers of 0.95 and
1.00. Some tendency toward reduced rolling effectiveness at positive
aileron deflections was also noted for the outboard alleron of the present
wing in the results of reference 5. It is believed that this tendency
was primarily the result of separstion at the swept-wing tip combined _
with some reduction in wing-tip angle of attack caused by aerodynamic
twist (ref. 6); both results tend to reduce alleron losd and negative
hinge moments. The chordwise center-of-pressure locations of figure 15
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also indicate that the center of pressure moves forward with increasing
aileron deflection at high angles of attack.

Strain-gage measurements of the varlietion of aileron normel-force
coefficient with deflection are shown in figure 11. Some of the condi-
tions shown on the hinge-moment results of figure 10 were not included
in the aileron normal-~force date because of melfunctions of the date
recording system. The data for the outboard sileron (fig. 1i(ec)) at a
Mach number of 0.90 are indicated by broken lines, since only the data
for deflections of T.5° and -T.5° were availsble. The slopes of the
normal-~force curves generally decreased somewhat at the higher angles
of attack. Aileron stall was indicated in the positive deflection
region because of the cumulative effects of angle of attack and control
deflection.

The hinge-moment and normal-force data obtalned from pressure
measurements on the inboard aileron (figs. 12 and 13) are generally sim-
ilar to the corresponding data obtained with strain gages. The pressure
data, however, show less tendency for the slope of the curve of the
normal-force coefficlent to decrease at high positive aileron deflections
than does the strain-gage measurements.

The varlations of the hinge-moment parameters, Cha and Chm, with

Mach number are presented in figure 14 to 1llustrate the effect of
alleron spanwise position on these parameters. Slopes were obtained in
the region near o = 0° or Bg = 0°, where the hinge-moment curves were

generally linear, and are valid for only low angles of atteck and small
control deflections. No significant differences 1in Ch6 exist between

the three alleron locations. A gradual increase in Cp. oOccurred

between Mach numbers of 0.90 and 0.98 becsuse of the movement of the
filow-field shock back over the allerons in this region. Above = Mach

number of 0.98, Ch6 remained essentially constant because supersonic
flow had been established over the controls. The value of Cha was

greatest for the inboard aileron and least for the outboard aileron,
except at the highest Mach numbers where the inboard aileron had the
lowest value of Cha’ and the midspan aileron showed the highest wvalue.

Inspection of the curves of figures 15 and 16, which show the varia-
tion of aileron chordwise center-of-pressure position with alleron deflec-
tion, indicates that definite trends wlth regard to control deflection
or angle of attack are difficult to observe. However, qualitatively,
there was a general rearward movement of the chordwise center of pres-
sure with incressing Mach ?ﬁ?ber. As would be expected, the control
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deflection at which the center of pressure moves off the aileron became
more negatlve as the angle of attack was increased. '

The data for spanwise center of load shown in figures 16 and 17
reveal no perticular trends with angle of attack, control deflection,
or Mach number for any of the three allerons.

CONCLUSIONS

From the results of an investigation of the loading characteristics
at transonic speeds of ailerons located at inboard, midspan, and out-
board positions on a U45° sweptback-wing-—body combination, the following
observations are made:

1. The loading shapes over the flap-type controls with swept hinge
lines are irregular and are difficult to predict from theoretical con-
siderations in the transonic speed range.

2. The loading on the allerons of this investigation was established
by the flow characteristics of the basic sweptback wing with a shock
originating from the Jjuncture of the wing leedling edge and the fuselage
having the greatest effect on the loading.

3. No significant differences in the velues of the slope of the
curves of hinge-moment coefficlent against aileron deflection for the
three spanwise positions of the aileron were observed; generally the
inboard asileron had the greatest value of the slope of the curves of
hinge-moment coefficient against angle of attack and the outboard ailleron
had the least.

4. Changes in engle of attack generally had a larger effect on the
shape of the inboard-alleron spanwise-loading curves than did changes in
Mach number.

Langley Aerocnautical Leboreatory,
National Advisory Committee for Aeronsutics,
Langley Field, Va., September 6, 1957.




NACA RM IL57I2% P TDMTTTAT, 11
REFERENCES

1. Thompson, Robert F.: Hinge-Moment, Lift, and Pitching-Moment Char-
acteristics of a Flap-Type Control Surface Having Various Hinge-
Line Locations on a Y-Percent-Thick 60° Delta-Wing - Transonic-
Bump Method. NACA RM L5LBO8, 195k4.

2. Thompson, Robert F.: TInvestigation of a L42.7° Sweptback Wing Model
To Determine the Effects of Trailing-Edge Thickness on the Aileron
Hinge-Moment and Flutter Characteristics at Transonic Speeds.

NACA RM 150306, 1950.

3. Hieser, Gerald: Transonic Investigation of the Effectiveness and
Ioading Characteristics of a Flap~-Type Aileron With and Without
Paddle Balances on en Unswept-Wing—Tuselage Model. NACA

RM L56B02, 1956.

Y. Critzos, Chris C.: A Transonic Investigation of the Static
Longitudinel-Stability Characteristics of a h5° Sweptback Wing~
Fuselege Combination With and Without Horlzontael Tail. NACA

RM L56A18, 1956.

5. Hieser, Gerald, and Whitcomb, Charles F¥.: Effectiveness at Transonic
Speeds of Flap~-Type Allerons for Several Spanwise Locetions on a
h-Percent-Thick Sweptback-Wing—Fuselage Model With and Without
Tails. NACA RM 156J0k, 1957.

6. Runckel, Jack F., and Lee, Edwin E., Jr.: Investigation at Transonic
Speeds of the loading Over a 45° Sweptback Wing Having an Aspect
Ratioc of 3, a Taper Ratio of 0.2, and NACA 65A004 Airfoil Sections.
NACA RM I56F12, 1956.

T. Runckel, Jack F., and Gray, W. H}: An Tnvestigation of Loads on
Ailerons at Transonic Speeds. NACA RM L55E13, 1955.

8. West, F. E., Jr., and Czarnecki, K. R.: Loads Due to Controls at
Transonic and Low Supersonic Speeds. NACA RM L57D26a, 1957.




NACA RM L57I23

12

TABLE I.- TEST CONDITIONS

a, deg

Angle of attack,

Cutboard
alleron

SR S

000000
LPOLPLLP

[eNoRoNoNeoNe]

AMNING Q

GRS R

Q00000
PPPLPLLP

eNeRoNoNoNe]

3666 O
2222%”_1

00000 O0
PPLPPPLPH

NG OO0\

QmteQQ

5%%ﬂmm

00000
3888383

oNeoNoRoNeNeo

Midspan
aileron

—\0\O0\O Q
AN —

0000O0O0
PPPHPLP

ININ O \O\O

O aH VO
VYOO

QQR{AM
000QOQO
PPLPPPP

Q0 Q000
PPPPLPD

0. 010101 0)
e e e e B |
| I S N R R |

02.4 5&.\4
:):)ll l

Oy

o)y NI
MO \O\D (@]

phpa b s R

Ug| NN NN PORVRVRI B B i

mr 000000lo0o0o0oocoojooocoooloooocooloocoocoo
guleeopoe 238338383138838383138383388138888s38
Hx]o0oocoord [oomonn | NQAV0Y [Hrdrddr | oA

o © Qo |mmKdnKanioocogoa|ld ooQ
] ] | J D D N B | [ e T I O | t 1
[=]
[7e]
o

— o N o o

o A . o i i

e — r~ o) . ~

o 1 1 -

=]

o)

b=

r’

O.4® O K\ ® o O.4D O MK 4O oM O.4® 0N

mMM BRARE S &%%900 &999m0 KAEARES KRAA3 5
MM o ~-d|o A | o ~- | o —A-d | o —

RN

)



- 59.53

/ ' ”
/ IT.%‘Inbourd-mleron
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Figure 1l.- Geometric details of model.

All dimensions are in inches except as noted.
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Taper ratio 0.2
Wing area 8.165 sq ft
Airfoil section| 65A004
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" Right-wing pressure-

distribution aileron

)
)

Left-wing ailerons

Station
5.5 843 |
11.38 6.86
17.24 5.30 : — T —> —3
23,10 3.74 Aileron |bg, in. | T, in. | Sq, in." | M, in.
28,96 2.18 Inboard | 11.68 6.88 80.21 240,23
Midspan | 11,68 5.30 61.82 144.72
QOutboard | 11.68 3.74 | 43.67 73.92
Orifice | y/b, Ca Pressure-Orifice Locations, x/Cg,
Station Upper and Lower Surface
579 | 0.023 | 8.36 0, 0.167, 0.333, 0.500, 0.667, 0.833
7.42 163 | 7.92 o, .67, .333, .500, .667, .833
11.88 543 | 6.73 o, .167, 333, 500, .667, .833
17.00 978 | 5.37 0, .167, .333, B0O, 667, .833

(a) Dimensions and orifice locations.

Figure 3.~ Alleron details.
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.=

(b) Attachment details.

Figure 3.- Concluded.

¥ YA RS



18 NACA RM L57I23

-8 8n"-I5" 8p=-7.5° 18070%} Bp=T5° §,#15°
-12 x=0.2° ‘xeD2° =020 &=03° =027
-8 ]
-4 -

o P O

RAR = !
[ y/bg «0543

-18
-1.2
-8 "

[N

E

([ y/bg = 0978 _
02 A6 810 02 4.

)

8 10 0.2 46 810 02 4 6810 .0.2 4 8 10
Fractlon of alleron chord, x/cu

o

(a) o = 0O°.

Figure 4.~ Inboard-sileron chordwise pressure distributions. M = 0.80.
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Fraction of aileron chord, x/c,

(b) a = 4O,

Figure L4.- Continued.
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Figure 11,- Concluded.
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